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Description 



This invention relates to catalysts and in particular to a copper-containing catalyst (or use in caroon oxide 
c nversion react, ns such as the low temp rature shift reaction 

CO + H 2 0 C0 2 + H 2 

and methanol synthesis 

CO ♦ 2H 2 -> CH,OH 
COj + SHj-^CHjOH + HjO 
in JHl Sl "* processes fe 9 enera "y P"**** ^ forming into pellets small discrete panicles of an 

2 rrs oxide and ° ne ° r ^ o,her ° xidic materia,s - s-^'y *£2. ma 

ZmoT^^TL COnVe,Si0n reaCti ° n Pr0CeSS COndiU °» ,S - 3nd *" «*• i«i to redu ino 

a bov« y 2 0 U ^T*^ fo ^ ,pina,i0n/,edUCti0n catalysts generally have a coppersurface area 

oSf P 9 ° , Mpper ^^bove 40 m> per^ofcopper. However the maximum copper surface area 
obtainable is generally no/more than about 65 m* per g of copper 

duc™^ U ^ 711773 to <* e ««* » PrecipitaUon/calcination/reduction technique to pro- 

n?^!^ ? the f >Dper 18 0WSent 88 partdes of si2e tess man 20 nm. In an Example in this refer- 
ence me (atalyste said to haveTOKPer surface area of 63 m» per g of copper 

Since the activity of the catalysts depends directly on the s.«tace area of the copper (as measured bv th, 
^^^fon^. eg as descnbed in the ,oi2fby E^lTS^t 

™Z COPPCf SUrfaCB areas - We nave now cau, lys ts of significant increased copper surface 

and ^Z^^^'llTl 1 T ^ C ° PPer SUrfa « areas - »» «■*•*>« ^ep is omitted. 

wasS^^r^ 8 Pr0ee8S WherBin merC " "° ea,dnati0n step «« in ^ P^ess the reduction 

adeSrr;^ 

Th 22rr MB ! • ' b n °' ,edUeed to metal "" der »• P~ce»» conditions, 
ceascl*^ P^!^^ 

SS^Sir?* ^ e,effle " t X 0XWeS indUdB ° XidW ° f vanadiZ c^uT 

a SLtTC X ' de """»-«■*• " a <*" a "° *• action effected by passing 



BP 0 296 734 B1 



out the need for heating to above 200°C. Likewise zinc, magnesium, and element X compounds are incorpo- 
rated into the intimate mixture as oxides or as compounds mat decompose to oxioes at temperatures oeiow 
the highest temperature to which the composition is subjected prior to, ordunng, reduction. Suitable compounds 
induce labile xycomp unds such as hydroxides, carbonates, oxalates, and carooxytates and combinations 
5 thereof. 

Accordingly the present invention provides a process for the manufacture of a cataiyst suitable for a caroon 
oxides conversion process and containing metallic copper and oxidic material, said process comprising reduc- 
ing, by heating in the presence of a reductant gas. to metallic copper, copper compounds in an intimate mixture 
of discrete particles containing : 

10 

i) precipitated copper compounds decomposable by heating to copper oxide, and 
0) compounds of zinc and/or magnesium, and, optionally, at least one element selected from magnesium, 
aluminium, vanadium, chromium, titanium, zirconium, thorium, uranium, molyodenum. tungsten, man- 
ganese, sPicon, and the rare earths, said compounds of zinc and/or magnesium ano said at least one 
15 element, if any, being present in said intimate mixture as oxides, or as compounds that decompose to 

oxides at temperatures below the highest temperature to which the intimate mixture is subjected prior 
to, or during, reduction. 

characterised in that said reduction is effected without heating said intimate mixture to a temperature above 

20 200°C. thereby giving a catalyst in which the copper metal surface area is at least 70 m 2 per gram of copper. 

The copper metal surface area is preferably in the range 80-200, for example 85-140. m 2 per g of copper. 
It is believed that areas above 200 m 2 per g would be stfll more advantageous since in general it is observed 
that the activity of such catalysts is approximately proportional to copper surface area. 

in addition to metallic copper, the catalyst can contain one or more other metals having catalytic activity : 

25 where the process is alcohol synthesis, examples of such other metals are palladium, rhodium or ruthenium. 
Optionally metallic silver can be present 

The copper content of the active catalyst is typically in the range 10-80%, especially 15-70%. by weight 
Within this range a copper content in the range 50-70% by weight is of general application for methanol synth- 
esis at under 320*C whereas for the shift reaction the copper content is generally somewhat lower, particular! y 

30 in the range 15-50% by weight Other catarytically active metals, if present are normally present in relatively 
low proportions ; the proportion of such other catalytically active metals is typically 1-10 atoms of such metals 
per 100 atoms of copper. It will be appreciated that in some systems, for example alcohol synthesis employing 
a carbon dioxide containing synthesis gas, a minor proportion of the copper may be in the form of copper oxide. 
Usually the zinc, and/or magnesium oxide, is present to the extent of a total of 0.3 to 2.5 zinc and mag- 

35 nesium atoms per atom of copper. For alcohol synthesis catalysts there are preferably a total of 0.3 to 0.6 zinc 
and magnesium atoms per copper atom, while for shift catalysts there are preferably a total of 1 to 2.5 zinc and 
magnesium atoms per copper atom. Preferably the total content of zinc oxide and magnesium oxide is at least 
20%. particularly at least 25%. by weight It is preferred that at least half of the total zinc and magnesium atoms 
are zinc atoms. 

40 Therefore in accordance with a further aspect of the invention we provide a catalyst suitable for a carbon 

oxides conversion process comprising metallic copper and at least one oxidic material, said catalyst having a 
certain copper metal surface area 

characterised in that said catalyst contains zinc oxide, and optionally magnesium oxide, the total weight of said 
zinc oxide and magnesium oxide, if any. constituting at least 20% by weight of the catalyst and the zinc atoms 
45 constitute at least half of the total of zinc and magnesium atoms, and said catalyst having a copper metal surface 
area of at least 70 m 2 per g of copper. 

As mentioned above oxides of at least one other element X that are not reduced under the process con- 
ditions can be present Alumina, chromia and vanadia are especially preferred. 

Generally the amount of element X oxides is such that the atoms X form 2-50%. especially 4-30%. of the 
50 total number of copper, zinc, magnesium, and element X atoms. If a trivaient oxide is present it is preferably 
at least partly combined with the zinc oxide and/or magnesium oxide as spinel. 

It is preferred that as the copper surface area and/or the process temperature is increased, the proportion 
of zinc oxide and/or magnesium oxide and/or element X oxides is increased. Thus it is preferred that at process 
temperatures above 260*C and/or at copper surface areas above 100 m 2 per g f copper, the copper atoms 
55 form i ss than 50% of the total number of copper, zinc, magnesium, and el ment X atoms. 

Since there is n calcination step prior to reduction, it is preferred that the intimate mixture is not pelleted 
pri r t reduction because the intra-peilet voidage resulting from the decomposition of such oxycompounds. 
during which wat r and/or carb n dioxid is evolved, can result in low mechanical strength and thus short pro- 
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(a) p.lloiino no cnfrtt composition oner roduolion ; pos.Wy will, operation in on oeeoerMre. .nnn.nn... 

<C) ^Z.d« a t a b i ,e , COmPOUndS - POS8ib,y WUh bindBr ma,erial SUCh as *»*• to the surfac- of a 
pre-formed catalyst support stmcture made of an oxidic material, an alloy, or graphite. 

s*.e^^ * grated, materia, in the solid 

so as to produce a cSZ " JZ !^ n ^ 

version process ** °' rCdUCt,0n * *• 9as used in ,he Mrt » 0 " «»Wes con- 

«enden" P rCanWeTrs^V 0 ** ? * ^ SUrrin9 ' - —"0 depending on the 

^ avaTal surface " Z?£^ZZZZ? * T * ^ l ° "** ^ T ° **™ 
kneaded with the liquid ' * ^° *° eXP ° Se ffeSh 3Ctive suriace 106 Prides can be 

fcJTwa^^ 

these are he.d ^U^t^^^ ° f **"' C ° ntenl ° f " ater dioxide, especially if 

* of a reductant 9 a, which is 

nated naphthalene. More conven^Soen «S 2? "T^"' ^ " Piperidi ° C or a h ^ ooe - 
pressure. The reduction is c^^Z^^ZZV^ . . " 988 81 atmosDh eric or higher 

fore the reductant concen^Sin^^li^ temperatwe al » hi <* « will proceed ; and there- 
local heatma If de^ ^ 9 PteM) 8nd temperature sh «Hd be increased slowly to minimise 
Hmitde^^ > arta ' » °< steam and/or carbon dioxide" 

to n;rth 40 ^^ 

temperature shift fMTS. nm»« a . -„ „..«.. 4 range *U0-Z5O*C. The other is a medium 

in tkn „ I 7. f"** 88 at an ouUet temperature in the range 25(M00«C esoeciall v SOD-awr 

typically 0.1 to 0.6% v/v on a dry baTis 22 J^l?? OU,iet rarbon ™"<»«e content is 

hm (HTS) process over" "^^^ a ToTt Z^^IT^ t'^ 
the carbon monoxid cont nt is decrease**^.! , , c ^IT ft ra " 9e 35 °-500»C. such that 

9as is typically th prt>Sct 0^8^^ 2 °* * * ' the LTS. The HTS inlet 

in an aSbaii L5S££ ^^pZ^s^^' ff ^ * hydrocartons - ^ ^TS precess is usual.y 

the catalyst in tubes^XSng SlSSS^^L" C ° nditi ° nS ' * ith 

a greater inlet CO content is practicable under pressure then, as a result fc nunu us heat removal. 



EP 0 296 734 B1 



The pressure for the conventi na! ITS process is typicaliy in the range 1-50 bar aos.. but can be mgner. 
for example up to 150 bar abs. in the MTS process. 

Where the process is aicon I syntnesis. a selection is maoe from among the catalysts accoromg as it is 
desired to make 

1. substantially pure (over 98% w/w) methanol, apart from possibly a content of water, which is routinely 
separable ; or 

2. alcohol mixtures containing substantial quantities of higher alcohols, chiefly C r C$, in aadition to 
methanol ; or 

3. methanol transformation producte, especially dimethyl ether or methyl formate or. with more process 
downstream modification, olefins or aromatics. 

For process 1 the catalyst should preferably be substantially free of alkali metal comoounds. for example 
contain less than 0.3% w/w thereof calculated as equivalent Na 2 0 and, if other oxides are present, these snouid 
be in forms not causing side reaction ; for example, alumina should be in one or more forms not having oenyd- 
rating activity. 

For process 2 such alkali metal compounds, preferably potassium, in an amount of eg 0.2 to 0.7% by weight, 
and/or cobalt compounds are desirably present 

For process 3 one or more of active alumina, non-crystalline aluminosilicates, crystalline silicates such as 
•Silicalite", or zeolites such Nu-3 or ZSM-5, are desirably present. 

The synthesis is carried out at a pressure typically in the range 20-150, especially 30-120. bar abs. The 
temperature is typically in the range 120-270*C when methanol is to be the main product but up to 1 00°C higher 
when higher alcohols are to be produced. Because of the unconventionally high activity of the catalyst the synth- 
esis can be effected at low temperatures, preferably below 200°C, and the space velocity in volumes of gas 
per unit weight of catalyst is at least 5000 and can be very high, for example in the range 10000 to 80000. litres 
per kg of catalyst per hour and the space time yield is typically in the range 1.5 to 4.0 kg per kg of catalyst per 
hour. The synthesis gas used can contain hydrogen in stoichiometric deficiency with respect to carbon mono- 
xide or carbon dioxide or both. More conveniently for methanol synthesis it contains carbon monoxide and 1- 
10% by volume of carbon dioxide and at least sufficient hydrogen to react with both carbon oxides present 

As mentioned hereinbefore pelleting of the catalyst precursor before reduction is liable to give catalysts of 
poor strength, and so, if a fixed bed system is desired other techniques such as those mentioned hereinbefore 
are desirable. Alternatively for alcohol synthesis reactions, instead of using a fixed bed catalyst the catalysts 
may be suspended in a liquid. While in principle the partides obtained by the aforementioned techniques for 
obtaining a catalyst suitable for use in a fixed bed could also be used in suspension in a liquid, it is preferred 
to use the labile compounds as powder or in some small particle form agglomerated to an extent short of wnat 
is needed in a fixed bed process. 

In such a suspension process the liquid should be substantially inert in the conditions of catalyst reduction 
and synthesis. It need not be the same for these two stages. The liquid present during synthesis should normally 
be readBy separable from methanol and (if necessary) alcohols up to C*. Thus it preferably has a boiling point 
more than 5 # C different from that of methanol and, unless a more complicated distillation is envisaged, does 
not form an azeotrope with methanol. Alternatively, if the methanol is to be reacted further, for example by 
dehydration, conversion to hydrocarbon, ethertfication or esterification, the liquid should be readily separable 
from the products of those further reactions. Separability is of course not needed if the liquid chosen is to be 
a constituent of a product mixture. 

Examples of suitable liquids are aliphatic, cydoaliphatic and aromatic hydrocarbons, aicohofs-and esters, 
provided they are free of ethytenic or acetyienic unsaturation. 

Suitable methanol synthesis processes in presence of liquid are described in GB-A-1413929 arid EP-A- 
3401 1 , and in Hydrocarbon Processing May 1984, page 41 . 

The-invention is illustrated by the following examples : 

Example 1 

A basic carbonate catalyst precursor containing compounds of copper, zinc and aluminium in the atomic 
ratio Cu 59.8, 2n 25.6, Al 14.6 was made by the method described in GB-A-1405012. mat is 

(a) d uble decompositi n at 65*C f aqueous solutions of zinc nitrate and. sodium aluminate in the propor- 
tion of 2 moles f sodium aluminate per m ie of zinc nitrate ; 

(b) n utralisati n of the resulting slurry with nitric acid ; 
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<d) 
(e) 
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Eduction t. n ». w ..~ Copper are, , »Vj 

end clae 

of copper 

140°C, 2 h U3 



130°C, 2 h 



130 



Tl» I, M, to, dfcprt. ,„,„ . ^ „ „ tni(iinsi ^ ^ ^ ^ 

Example 2 

reduced caters ^Zn^^^l^Z T*"" 81 differant temperatures. The 

9 as steam of nitrogen WS^^^IZZ T and «■»" P— by passing a 

occurred, then passing Seam of nJr^SiST I ? °^ rCdUCed Cata,yst until no ,urther '"ebon 
unu. no further reaction US13ST£!S^ 2^. <1 . % W " r ,he PartiaMy passivated 

complete and the catalyst canoe hand^X^ ,!l ** Wh,Ch lne passivation * essentially 
1% by weight of graphke aTa aicj" ^"action. The samp.es were then pel.eted using 

brs /ndZXd^rr^r^-- - ~ - — - 30,0 for S 
EP-A-202824. gn^ f"!™^ * re8Ct * e tontel enrornatography as described in 

ReduCtlon Calcination Copper surface 



Temperature 



Area 



rO c \ - 
— <■ Per g C*) 



150 
160 
180 
200 
230 



no 
no 



83.7 
89.6 

no 93.1 
no so.2 

*— 52.6 



a mteroreector maintain^ aTlS^C anToa^Zl °T 7 '9"Mabout 0.5 g) f the crushed material to 
di xide (6.1% Wv). caZ n^n^Se^TZ anTntZ carbon 
Pr ssure of 14.8 bar aba and at a apace 3^S5£S S " ' ^ S8mp,C at 8 
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When the como sition of tne exit gas nad reacned steady state conditions, indicating tna: rne conveniens, 
precursor had been reduced and tne passrvateo ore-reauced sample had been re-reoucec. tne exit gas was 
analysed to determine tne proportion of the caroon monoxioe that had been convened. Over tne ouratjon of 
the experiment the proportion of caroon monoxide converted by the conventional matenai varied berween 60 
5 and 62% wrier as with the material in accordance witn the invention, the proportion of caroon monoxide con. 
verted varied between 68% and 69%. indicating mat the matenai of the invention nad a significantly increasec 
activity. 
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1. A process for the manufacture of a catalyst suitable for a carbon oxioes conversion process ano con- 
taining metallic copper and oxidic material, said process comprising reducing, by heating in tne presence of a 
reductant gas. to metallic copper, copper compounds in an intimate mixture of discrete partiaes containing 



i) precipitated copper compounds decomposable by heating to copper oxide, and 

ii) compounds of zinc and/or magnesium, and. optionally, at least one element selected from magnesium, 
aluminium, vanadium, chromium, titanium, zirconium, thorium, uranium, molybdenum, tungsten, man- 
ganese, silicon, and the rare earths, said compounds of zinc and/or magnesium and said at least one 

20 element, if any. being present in said intimate mixture as oxides, or as compounds that decompose to 

oxides at temperatures below the highest temperature to which the intimate mixture is suojecteo pnor 
to, or during, reduction. 
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characterised in that said reduction is effected without heating said intimate mixture to a temperature aoove 
200°C. thereby giving a catalyst in which the copper metal surface area is at least 70 m* per gram of copper. 

2. A process according to claim 1 wherein the copper is incorporated into said intimate mixture as copper 
hydroxide, carbonate, oxalate, and/or carboxyiate. 

3. A process according to daim 1 or daim 2 wherein after reduction of the copper compounds, the compo- 
sition is pelleted. 

4. A catalyst suitable for a carbon oxides conversion process comprising metallic copper and at least one 
oxidic material, said catalyst having a defined copper metal surface a*ea, characterised in that said catalyst 
contains zinc oxide, and optionally magnesium oxide, the total weight of said zinc oxide and magnesium oxide 
if any. constituting at least 20% by weight of the catalyst and the zinc atoms constitute at least half of the total 
of zinc and magnesium atoms, and said catalyst having a copper metal surface area of at least 70 m* per o of 

3S copper. * 

5. A catalyst according to daim 4 wherein the catalyst has a copper metal surface area of 80 to 200 m* 
per g of copper. 

6. A catalyst according to daim 4 or daim 5 wherein the catalyst contains 10 to 80% by weight of copper. 

7. A catalyst according to any one of daims 4 to 6 wherein the catalyst contains a total of 0.3 to 2.5 
40 molecules of zinc oxide and magnesium oxide per atom of copper. 

j 8 ' A according to any one of daims 4 to 7 wherein the catalyst contains at least one oxide of an 

elementX selected from aluminium, vanadium, chromium, titanium, zirconium, thorium, uranium, molybdenum 
tungsten, manganese, silicon, and the rare earths, in such an amount that the element X atoms constitute 4 to 
30% of the total number of copper, element X. zinc, and magnesium atoms. 
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1 . Precede pour la fabrication d'un catalyseur convenaWe pour un precede de conversion d'oxydes de car. 
bone et contenant du cuivre metallique et un oxyde. iequel comprend la reduction en cuivre metaliique par 
chauffage en presence d'un gaz reduaeur. de composes du cuivre dans un melange etroit de particules dis- 
cretes contenant : 



(i) 



des composes du ctuvre prtcipits dteomposables par chauftag en xyde de cuivre. et 
55 (ii) des composes du zinc et/ou du magnesium et. ev ntueUem nt d'au moins un element choisi parmi i 
magnesium, ('aluminium, le vanadium, ie chrome, le titane. le zirconium. I thorium ruranium. le molyb- 
deme. le tungsten . le manganese, ie siiicwm et les terres rares. ces composes de zinc et/ou de magne- 
sium td cet element aum ins present, s'ily n a. etant pres nts dans ce melange etroit sous forme 
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